Implanted Hearing Aids 



This invention relates to an implanted hearing aid, or hearing device, as specified in claim 
1 , and to a method for auditory amplification by means of a hearing aid or hearing device. 

Earlier literature and patents describe various types of electromechanical activators for 
implantable hearing aids. In contrast to traditional hearing aids, the function of these 
middle-ear activators is to convert electrically amplified signals into mechanical vibrations 
and to transmit these to the auditory ossicles of the middle ear. 

An implanted activator and specifically a middle-ear activator acting on the ossicle chain, 
when energized, should ideally produce best possible amplification of the mechanical 
response of the middle ear, while in its idle state the activator should interfere as little as 
possible with the natural movement of the ossicles. 

Moreover, in certain cases of medically determined hearing impairment it is desirable for 
the activator to yield a high to very high amplification rate. That would correspond to a 
deflection of the stapes base within a range of 1 to 100 pm with force levels of up to 10 
mN. 



US 5.800.336 (Ball et al, Symphonix) describes an activator which more or less meets the 
no-contact requirement In its idle state, the body of that activator merely affects the 
natural movement of the ossicles. The effective volume of that activator is limited by the 
anatomy of the middle ear. The activator is therefore capable of generating only minor to 
moderate amplification rates in the movement of the middle ear. 

US 6.084.975 (Perkins, Resound) describes another activator which meets the no-contact 
requirement. It involves the attachment of a coil to the promontory and the placement of a 
permanent magnet on the inside of the tympanic membrane. Measurements have 
revealed, however, that this design does not satisfactorily meet high performance 
requirements. The limiting factors include low current density in the coil wires and low 
capacitive coupling efficiency. Given inefficient capacitive coupling plus the limited power 
of energy sources which a patient can carry on his body, adequate auditory self- 
sufficiency of the patient is hardly attainable. And inadequate capacitive coupling even 
poses the risk of generating a damaging level of heat in the middle ear. 

In view of the situation described above, it is an objective of this invention to introduce an 
implanted hearing aid or hearing device design which eliminates or at least minimizes the 
problems mentioned. 



According to the invention, this objective is achieved with a hearing aid or hearing device 
as specified in claim 1 . 

In contrast to US 6.084.975, the activator per this invention is based on a design in which 
a relatively large permanent magnet is positioned on the promontory while a small coil is 
placed either behind the ear drum or in another suitable location in the ossicle chain. 
While US 6.084.975 suggests positioning the permanent magnet in the area of the ear 
drum which puts constraints on the size of the permanent magnet, a larger permanent 
magnet can be advantageously placed on the promontory which is a rigid, bone-like 
object. 

The design introduced by this invention meets the no-contact requirement and, compared 
to the solution proposed in US 6.084.975, it offers an advantage in that a substantial 
amount of the needed magnetic flux is already provided by the permanent magnet 
Consequently, smaller currents in the coil suffice to generate the necessary movement. 
This design concept can be reasonably expected to permit the attainment even of 
relatively large deflections and high force levels. 

Another advantage lies in the fact that the coil can be reduced in size and that positioning 
the coil at the tympanic membrane assures enhanced heat dissipation through the 
external auditory meatus. Consequently, there is substantially less heat build-up in the 



middle ear than that encountered in the case of the design per US 6.084.975. 

Benchmarking has also shown that the requirement of high performance can be satisfied 
especially when the permanent magnet is polarized radially rather than axially. 

The following implementation example will explain this invention in more detail with the aid 
of the attached drawing in which - 

Figure 1 is a schematic sectional view of the middle ear showing the hearing aid as 
configured according to this invention. 

The middle ear 1 encompasses the ossicle chain with the malleus 3, incus 5 and stapes 7. 
Located between the middle ear 1 and the external auditory meatus 9 is the tympanic 
membrane 11. Also indicated is the promontory 13 which is a bony, rigid object. 

The invention now proposes to place a permanent magnet 15 on the promontory while 
positioning the coil 17 either on the tympanic membrane proper or for instance on the 
malleus 3 next to the ear drum. The fact that the dimensions of the permanent magnet 15 
can be made larger by a fair amount than those of the permanent magnet described in US 
6.084.975, corresspondingly allows for a significantly smaller coil 17 to be employed, 
which offers important advantages. For one, substantially smaller currents in the coil 
suffice to produce the necessary movement. For another, significantly less heat is 
generated. Placing the coil in the rea of the ear drum also permits more efficient heat 



dissipation through the external auditory meatus to the outside, which would be more 
difficult to obtain if a coil 17 were located on the promontory 13. 

The drawing does not include an illustration of the power feed for the coil. Such 
connections could be made through the ear drum or by means of appropriate passages 
through the calvaria and into the area of the middle ear. 

Of course, the illustration in fig. 1 merely depicts an example of the design implementation 
to, permit the visualization of this invention. Both the dimensions of the permanent magnet 
and the exact location of the permanent magnet and of the coil in the area of the 
promontory and, respectively, of the ear drum or ossicle tract may be varied. 

Also, the geometric shape of the coil or coils and that of the permanent magnet may be 
modified. The simplest form of a coil is circular but it may also be oval. The same holds 
true for the magnet which would typically be round but may equally well be oval; square or 
rectangular. 

The surface within the coil may extend parallel to the outer surface of the magnet, but it 
could possibly extend perpendicular to the magnet or at any given angle of between 0 and 
180° relative to the magnet. 

Finally, both the coil and the magnet may be attached in some other way. Typically, a 
magnet would be solidly attached to the promontory. However, it may also be made 
removable which would have its advantages if modifications are needed. The magnet 



may even be positionally adjustable, the advantage of which would be that the air gap 
between the coil and the magnet could still be modified after the implantation. 



